A natural sweetener, Rubusoside (1), subjected to extreme pH and temperature conditions, resulted in the isolation and structural elucidation of one novel rubusoside degradant (7), together with seven known degradants (2-6 and 8-9). 1D and 2D NMR spectroscopy ( 1 H, 13 C, COSY, HSQC-DEPT, HMBC, and NOESY) and mass spectral data were used to fully characterize the degradant 7.
In recent years we have been engaged with the consumers desire to control calorie intake. One avenue invested in is natural high potency sweeteners from a family of steviol glycosides [1] . Rubusoside (Figure 1) is a sweet steviol glycoside isolated from the leaves of Stevia rebaudiana Bertoni and Rubus suavissimus S. Lee (Rosaceae) . Rubusoside is about 114 times as potent as sucrose at a concentration of 0.025% [2] . Rubusoside is one of the major sweet components with a 5.3% yield from the leaves of a Rubus species collected in Kwangchow, China [3] . R. suavissimus leaves are commonly used in herbal teas to provide natural sweetness.
Early work by Esaki et al. with enzymatic transglucosylation of rubusoside and stevioside suggested an important relationship between the sweetness quality of taste and the amount of sugar units attached at the C-13 and C-19 positions of the aglycone core [4] . In the past fifty years numerous novel steviol glycosides have been isolated and examined for sweet taste characteristics [5] . To gain insight into the physicochemical profiles of steviol glycosides and their stability under various conditions we have identified the degradation products of rebaudioside A and rebaudioside M under acidic conditions [6] .
To build on our previous studies, we subjected rubusoside (1) to extreme pH and temperature conditions to uncover its degradant products. This work describes the isolation and structural elucidation of one novel rubusoside degradant 7. In addition we showcase a total of eight degradants from rubusoside ( Figure 2 ). Rubusoside degradants 2-4 have been covered in Ley et al's patent on steviol glycoside isomers [7] . Compounds 5 and 6 are common steviol glycoside derivatives, also called Suavioside G and Suavioside F, respectively [8, 9] . We previously reported the complete structural characterization of degradant 8 [10] . Tanaka et al. reported degradant 9, steviolmonoside, from the leaves of R. suavissimus [9] .
Rubusoside degradant 7 was isolated as a white solid. Accurate mass measurement using high resolution mass spectrometry (HRMS) provided the exact mass from the [M-H] − ion at m/z 497.2766 in its negative ESI-TOF mass spectrum, corresponding to a molecular formula of C 26 H 42 O 9 . The MS/MS spectrum of 7, selecting the [M-H] − ion at m/z 497.3 for fragmentation, indicated the loss of one glucose unit at m/z 335.2266 showing that the Having confirmed the molecular weight and molecular formula of compound 7, 1D and 2D NMR data were used to determine the presence of a glycoside structure containing a central diterpene core with one sugar unit at C-19. The 1 H NMR and the HSQC-DEPT data of 7 indicated the presence of three methyl groups (δ H 0.97, 1.18 and 1.21) instead of two present in Rubusoside (1), nine methylene and two methine protons between δ H 0.85-2.18, characteristic for the central diterpenoid core (Table 1 ). In addition, the NMR data indicated that the exocyclic double bond present in Rubusoside is absent in compound 7. The ent-kaurane diterpenoid aglycone central core was reinforced by 1 H-1 H COSY correlations of H-1/H-2; H-2/H-3; H-5/H-6; H-6/H-7; H-9/H-11 and 1 H-13 C HMBC correlations of H-5/C-4, C-6, C-10, C-19, C-20; H-9/C-8, C-10, C-11, C-12, C-14, C-20; H-11/C-8, C-9, C-12H-12/C-13; H-14/C-8, C-12, C-13, C-15, C-16; H-15/C-8, C-9, C-14, C-16, C-17; H-17/C-13, C-15, C-16; H-18/C-3, C-4, C-5, C-19; H-20/C-1, C-5, C-9, C-10. As presented above, HMBC correlations from the third methyl group at δ H 1.18 to C-13, C-15 and C-16 confirmed its presence at position 17. Similarly, the up field shift of the C-16 (δ C 77.6) resonance in 7 compared with Rubusoside indicated the presence of a hydroxyl group at C-16. The absence of a sugar unit at C-13 and its upfield shift (δ C 81.1) compared with Rubusoside indicated the presence of a second hydroxyl group at C-13 in compound 7. The complete 1 H and 13 C assignments of the central diterpene core are provided in Table 1 ( Correlations observed in the NOESY spectrum were used to assign the relative stereochemistry of the central diterpene core. In the NOESY spectrum, NOE correlations were observed between H-14 and H-20 indicating that H-14 and H-20 are on the same face of the rings. Similarly, NOE correlations were observed between H-9 and H-5 and between H-5 and H-18. NOE correlations were also observed between H-17 (δ H 1.18) and the upfield proton of H-15 (δ H 1.48), as well as between H-15 (δ H 1.48) and H-9 (δ H 0.90), indicating that H-17 and H-9 are on the same face. The NOESY data thus indicated that H-5, H-9, H-17, and H-18 were on the opposite face of the rings compared with H-14 and H-20, as presented in Figure 3 . These data thus indicate that the relative stereochemistry in the central core was retained upon degradation of Rubusoside, as well as confirmed the relative stereochemistry at C-17.
Analysis of the 1 H and 1 H-13 C HSQC-DEPT data for compound 7
indicated the presence of one anomeric proton, compared with two present in Rubusoside, which was well resolved at δ H 5.41 (δ C 95.6). This anomeric proton showed an HMBC correlation to C-19 allowing it to be assigned as the anomeric proton of Glc I and confirmed the attachment of Glc I at position 19 of the diterpene core. In the 1 H-1 H COSY experiment, correlations of Glc I H-1'/H-2'; H-2'/H-3' and H-3'/H-4' were observed. Due to data overlap it was not possible to assign Glc I H-5' based on COSY correlations from Glc I H-4'. However, COSY correlations from Glc I H-6' methylene protons (δ H 3.69 and 3.82) to a proton at δ H ~3.37 allowed the assignment of Glc I H-5'. The 1 H-13 C HMBC correlations of Glc I H-2'/C-1'; H-3'/C-2', C-4' and H-6'/C-4', C-5' further confirmed the assignments of Glc I . The large coupling constant observed for the Glc I anomeric proton at δ H 5.41 (d, J = 7.9) suggested its β-orientation.
The complete 1 H and 13 C assignments for the glycoside at C-19 was made on the basis of COSY, HSQC-DEPT, and HMBC data and are provided in Table 1 . A summary of the key HMBC, and COSY correlations used to assign compound 7 are provided in Figure 3 . Thus, the structure of Rubusoside degradant 7 was confirmed as [13,16-dihydroxy-17-methyl-ent-kaur-19-oic acid-(β-D-glucopyranosyl) ester. In conclusion, this work uncovered eight rubusoside degradants and confirmed one novel steviol glycoside. Experimental Degradation reaction: The sample was aliquotted into two 4 g portions and suspended in 200 mL of 0.1 M H 3 PO 4 (aq). The suspensions were heated at 80°C for 24 h, which resulted in a clear, colorless supernatant and a white precipitate.
Mass spectrometry: MS and MS/MS data were generated with a Waters QTof Micro mass spectrometer equipped with an electrospray ionization source. The sample was analyzed by negative ESI. The sample (0.1 mg) was dissolved in 10 mL of H 2 O: MeCN (1:1)+0.1% NH 4 OH to yield a 10 µg/mL solution and introduced via direct infusion.
NMR:
The sample was prepared by dissolving 4.4 mg in 130 µL of CD 3 OD+TMS, and NMR data were acquired on a Bruker Avance 500 MHz instrument equipped with a 2.5 mm inverse probe. The 1 H and 13 C NMR spectra were referenced to the TMS ( H 0.00 ppm) and CD 3 OD resonances ( C 49.0 ppm), respectively.
Isolation: Primary HPLC analyses were performed on a Waters 2695 Alliance System (Waters Corp., Milford, MA, USA) coupled to a Waters 996 Photo Diode Array (PDA) detector (PDA, Waters Corp.). In addition, sample purities were assessed using an ESA Corona Charged Aerosol Detector (CAD, Dionex, Sunnyvale, CA, USA). Sample analyses were performed using the method conditions: Phenomenex Synergi Hydro-RP, 4.6 × 250 mm, 4 μm (p/n 00G-4375-E0); column temp: 55°C; mobile phase A: 0.0284% NH4OAc and 0.0116% HOAc in water; mobile phase B: Acetonitrile (MeCN); flow rate: 1.0 mL/min; injection volume: 10 μL. Detection was by UV (210 nm) and CAD. Gradient: 0-8.5 min (75A: 25B), 10 min (71A: 29B), 16.5 min (70A: 30B), 18.5-24.5 (66A: 34B), 26.5-29 min (48A: 52B), 31-37 min (30A: 70B), 38 min (75A:25B).
Additional analytical HPLC conditions for fraction analysis: Waters Symmetry Shield RP18, 4.6 × 150 mm, 5 μm (p/n 186000113); mobile phase A: water; mobile phase B: MeCN; flow rate: 1.0 mL/min; injection volume: 10 μL, detection by CAD and UV 210 nm. Gradient: 0-15 min (70A:30B), 16 min (67A:33B), 30 min (62A:38B), 31-44 min (30A:70B), 45 min (70A:30B).
The primary processing of 7 was performed using a pre-packed Waters Symmetry Shield RP18 column (50 × 250 mm, 5 µm); mobile phase A: 70: 30 H 2 O/MeCN; mobile phase B: 60: 40 H 2 O/MeCN; mobile phase C: MeCN; flow rate: 115 mL/min; injection load: precipitate generated in the degradation reaction was dissolved in 200 mL 60: 40 H 2 O/MeCN, then aliquotted into 50 mL portions for injection. Detection was by UV (210 nm). Gradient: 0-20 min (100A), 21 min (60A:40B), 36 min (40A:60B), 36-45 min (0A:10B:90C).
Fractions collected during the purification were concentrated in vacuo using a Buchi ® Rotary Evaporator, Model R-114. The concentrated solution was dried for 48 -72 h using a VirTis Freezemobile Model 12EL SB Freeze Dryer.
[13,16-Dihydroxy-17-methyl-ent-kaur-19-oic acid-(β-D-glucopyranosyl) ester] 1 H NMR (500 MHz, CD 3 OD): Table 1 . 13 
